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SUMMARY 

t o  d i s t r i b u t e  RF s i g n a l s  t o  GaAs M o n o l i t h i c  Microwave 
A r r a y  Antennas a r e  inadequate  f o r  a r r a y s  h a v i n g  l a r g e  
c a l  RF d i s t r i b u t i o n  l i n k s  have been proposed as a 
f l e x i b l e ,  and low volume s o l u t i o n .  Three c a n d i d a t e  

t e c h n i q u e s  f o r  p r o v i d i n g  o p t i c a l  RF d i s t r i b u t i o n  a r e  d i s c u s s e d  a l o n g  w i t h  t h e  

s t a t u s  o f  a p p l i c a b l e  e l e c t r o - o p t i c s  d e v i c e s  i s  a l s o  i n c l u d e d .  

U 
d 

I 
w e l e c t r o - o p t i c  d e v i c e s  r e q u i r e d  t o  c o n f i g u r e  them. A d i s c u s s i o n  o f  t h e  p r e s e n t  

INTRODUCTION 

A s  GaAs M o n o l i t h i c  Microwave I n t e g r a t e d  C i r c u i t s  (MMICs) become more p r e v -  
a l e n t ,  t h e y  a r e  i n c r e a s i n g l y  b e i n g  used i n  r e a l  a p p l i c a t i o n s  as k e y  e lements  
f o r  a m p l i t u d e  and phase c o n t r o l  i n  phased a r r a y  antennas.  A s  e x p e r i e n c e  grows 
w i t h  t h e  c o n s t r u c t i o n  of these a r r a y s ,  i t  i s  a p p a r e n t  t h a t  t h e  p r e s e n t  methods 
o f  RF s i g n a l  d i s t r i b u t i o n  have s e r i o u s  c o m p l i c a t i o n s  wh ich  g r e a t l y  i m p a c t  t h e  
a r r a y  c o n s t r u c t i o n .  O f  p r i m a r y  concern  i s  t h e  w e i g h t  o f  t h e  Beam Forming Net-  
work (BFN)  u s i n g  c o n v e n t i o n a l  c o a x i a l  c a b l e  or waveguide. Also i m p a c t i n g  
d e s i g n  i s  t h e  l o s s ,  c r o s s - t a l k ,  and mechan ica l  i n f l e x i b i l i t y  o f  c u r r e n t  d i s t r i -  
b u t i o n  media i n c l u d i n g  m i c r o s t r i p .  A p o t e n t i a l  s o l u t i o n  t o  t h e s e  l i m i t a t i o n s  
i s  t h e  use o f  o p t i c a l  f i b e r  as t h e  RF d i s t r i b u t i o n  medium i n  t h e  BFN ( r e f .  1 ) .  
I n  a d d i t i o n  t o  t h e  s i g n i f i c a n t  advantages o v e r  o t h e r  RF d i s t r i b u t i o n  media,  
o p t i c a l  f i b e r  o f f e r s  c e r t a i n  E M I ,  EMP, and r a d i a t i o n  h a r d e n i n g  c h a r a c t e r i s t i c s .  
T h i s  paper  w i l l  o u t l i n e  and d e s c r i b e  NASA Lewis Research C e n t e r ' s  e f f o r t s  i n  
t h e  development  o f  o p t i c a l  RF d i s t r i b u t i o n  l i n k s  f o r  M M I C  phased a r r a y  antennas.  

O p t i c a l  RF D i s t r i b u t i o n  A r c h i t e c t u r e s  

Three c a n d i d a t e  a r c h i t e c t u r e s  a r e  b e i n g  i n v e s t i g a t e d  f o r  per fo rmance and 
e v e n t u a l  use i n  o p e r a t i o n a l  MMIC-based phased a r r a y s .  The t h r e e  a r c h i t e c t u r e s  
d i f f e r  i n  t h e  m o d u l a t i o n  o f  RF and communicat ions d a t a .  One a r c h i t e c t u r e  uses 
a d i r e c t  m o d u l a t i o n  t e c h n i q u e ,  a second a r c h i t e c t u r e  uses an i n d i r e c t  ( e x t e r -  
n a l )  m o d u l a t i o n  t e c h n i q u e ,  and t h e  t h i r d  a r c h i t e c t u r e  uses an i n j e c t i o n  l o c k i n g  
t e c h n i q u e  w i t h  m i x i n g .  Each a r c h i t e c t u r e  w i l l  be i n v e s t i g a t e d  e x p e r i m e n t a l l y  
i n  a d i s t r i b u t i o n  i n v o l v i n g  a t  l e a s t  two e lements .  Pr ior  t o  t e s t i n g ,  t h e  power 
budget  w i l l  be c a l c u l a t e d  u s i n g  a computer  s i m u l a t i o n  model deve loped a t  D r e x e l  
U n i v e r s i t y  and compared a g a i n s t  r e a l  d a t a  ( r e f .  2 ) .  F i g u r e  1 shows a d i r e c t l y  
modu la ted  RF d i s t r i b u t i o n  system fo r  two e lements .  The master  o s c i l l a t o r  o p e r -  
a t e d  a t  18 GHz i s  modu la ted  by  a 200 Mbs pseudo-random g e n e r a t e d  d a t a  s t ream.  
18 GHz i s  chosen as t h e  RF c a r r i e r  because i t  i s  p l a n n e d  to  use t h e  20 GHz 
MMICs  deve loped f o r  NASA by  Texas I n s t r u m e n t s  and Rockwel l  I n t e r n a t i o n a l .  The 
d e v i c e  bandwid th  i s  1 7 . 5  t o  20.0 GHz. These d e v i c e s  a r e  d e s c r i b e d  i n  d e t a i l  i n  
t h e  r e f e r e n c e s  ( r e f .  3). 



F i g u r e  2 i s  a four -e lement  RF d i s t r i b u t i o n  l i n k  t h a t  uses e x t e r n a l  modu 
t i o n  t e c h n i q u e s .  A s  i n  a l l  t h r e e  models ,  t h e  e x t e r n a l l y  modulated l i n k  w i l l  
use GaAs l a s e r  d iodes  as s o u r c e s ,  l a s i n g  a t  a p p r o x i m a t e l y  0 . 8  p m  wave lenqths  

a- 

The modu la to r  i t s e l f  w i l l  be of t h e  LiNbO3 v a r i e t y  w h i c h - h a s  been p r e v i o i s l y  
demonstrated a t  1 7  G H z ,  b u t  m o d u l a t i o n  f r e q u e n c i e s  may be i n c r e a s e d  b y  v a r i o u s  
i mprovernen t s  . 

F i g u r e  3 i l l u s t r a t e s  a two-e lement  RF d i s t r i b u t i o n  l i n k  u s i n g  an i n j e c t i o n  
l o c k i n g  t e c h n i q u e  demonst ra ted  by D r e x e l  U n i v e r s i t y  ( r e f .  4 ) .  Whi le  more com- 
p l e x  t h a n  t h e  p r e v i o u s  a r c h i t e c t u r e s ,  t h i s  t e c h n i q u e  shou ld  o f f e r  a h i g h  f r e -  
qaenc' j ,  narrow bandwid th  l i n k  w i t h  lower n o i s e  and g r e a t e r  dynamic r a n g e .  T h i s  
t e c h n i q u e  takes  advantage of t h e  i n h e r e n t  n o n l i n e a r i t y  o f  t h e  l a s e r  d i o d e  t o  
u t i l i z e  harmonic i n j e c t i o n  l o c k i n g  of  f r e e - r u n n i n g  e lement  microwave o s c i l l a -  
t o r s  f r g m  a s i n g l e  master  o s c i l l a t o r ,  t o  e s t a b l i s h  tempora l  coherence.  The 
da ta  t? b e  t y a n s m i t t e d  i s  r o u t e d  t h r o u g h  a second low-speed ( 1  G H z )  l i n k .  A t  
t h e  e lement ,  t h e  RF arld d a t a  a r e  ln ixed t o  produce t h e  d e s i r e d  o u t p u t .  

A l l  c a n d i d a t e  a r c h i t e c t u r e s  w i l l  be a n a l y z e d  for power b u d g e t s ,  S / N ,  b i t -  
e r r o r - r a t e  ( B E R )  and e f f i c i e n c y .  The e x p e r i m e n t a l  se t -up  f o r  BER t e s t i n g  i s  
s i m i l a r  t o  t h a t  used a t  NASA Lewis for TWT e v a l u a t i o n  and i s  d e t a i l e d  i n  t h e  
r e f e r e n c e s  ( r e f .  5 ) .  

Devices and Components for  D i r e c t I I n d i r e c t  RF D i s t r i b u t i o n  L i n k s  

D i r e c t  l a s e r  m o d u l a t i o n  a t  0.8 pm wave lengths  u s i n g  GaAs/GaAlAs semicon- 
d u c t o r  l a s e r s  has been demonst ra ted  up t o  10 GHz ( r e f .  6 ) .  Bandwidths up to  
16 GHz a t  20 " C  and 2 6 . 5  GHz a t  -60 "C  i n  a 1 . 3  p m  InGaAsP l a s e r  have a l s o  been 
ach ieved ( r e f .  7 ) .  

I n d i r e c t  or e x t e r n a l  m o d u l a t i o n  has been demonst ra ted  a t  f r e q u e n c i e s  up t o  
17 GHz b y  u s i n g  LiNb03 c r y s t a l s  ( r e f .  8 ) .  The f r e q u e n c y  range can be f u r t h e r  
ex tended by v a r i o u s  improvements.  The t h r e s h o l d  f o r  o p t i c a l  power damage and 
t h e  e f f i c i e n c y  f o r  i n t e g r a t e d  o p t i c a l  m o d u l a t o r s  i s  low. I f  such m o d u l a t o r s  
a r e  des igned on GaAs, t h e y  o f f e r  t h e  p o s s i b i l i t y  o f  m o n o l i t h i c  i n t e g r a t i o n .  

The i n s e r t i o n  loss parameters  for t h e  RF l i n k  have been o b t a i n e d  by  
Stephens,  e t  a l .  ( r e f .  9)  and a r e  g i v e n  below:  

I n s e r t i o n  Loss = Em 5 (nLRDao)-L 
L 

where R L  and R s  a r e  t h e  l o a d  and source impedances, nL i s  t h e  l a s e r  e f f i -  
c i e n c y ,  RD i s  t h e  d e t e c t o r  r e s p o n s i v i t y ,  a. i s  t h e  o p t i c a l  loss ,  and Em i s  
t h e  match ing  c i r c u i t  l o s s .  I t  has been c a l c u l a t e d ,  t h a t  by u s i n g  o p t i m i z e d  
v a l u e s  o f  t h e  parameters  i n  e q u a t i o n  ( l ) ,  t h e  i n t r i n s i c  i n s e r t i c n  loss o f  t h e  
e l e c t r i c a l  o p t i c a l  c o n v e r s i o n  c o u l d  be reduced t o  a minimum o f  10 dB. 

The o v e r a l l  S / N  f o r  a s i n g l e  o p t i c a l  f i b e r  l i n k  depends on t h e  photo-  
d e t e c t o r  s h o t  and thermal  n o i s e  t o g e t h e r  w i t h  t h e  t h e r m a l  n o i s e  a s s o c i a t e d  
w i t h  t h e  a m p l i f i e r  f o l l o w i n g  t h e  p h o t o d e t e c t o r ,  as w e l l  as t h e  l a s e r  i n t e n s i t y  
n o i s e .  For s i g n a l  t r a n s m i s s i o n  a t  GHz f r e q u e n c i e s ,  l a s e r  n o i s e  i s  g e n e r a l l y  
dominant .  P h o t o d e t e c t o r s  w i t h  a wide bandwid th  a r e  e s s e n t i a l .  An InGaAs/ InP 
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p h o t o d e t e c t o r  has been grown o n  a GaAs s u b s t r a t e  f o r  d e t e c t i n g  wide bandw 
RF s i g n a l s  from 1.3 pm InGaAsP l a s e r s  ( r e f .  10). 

I f  such o p t i c a l  RF f i b e r  l i n k s  a r e  v i a b l e ,  l a s e r s  and D h o t o d e t e c t o r s  

d t h  

can 
be mono1 i t h i c a i  l y  i n t e g r a t e d  t o  reduce w e i g h t ,  .power,  cost and c i r c u i t  p a r a s i t -  
i c s .  For a MMIC-based phased a r r a y  s i g n a l  d i s t r i b u t i o n  n e t w o r k ,  a number o f  
O p t i c a l  I n t e g r a t e d  C i r c u i t s  ( O I C s )  w i l l  be r e q u i r e d .  For example, f o r  t h e  
i n p u t  RF s i g n a l  a h i g h  f r e q u e n c y  e x t e r n a l  m o d u l a t o r  on GaAs w i t h  h i g h  e f f i -  
c i e n c y  and h i g h  o p t i c a l  damage t h r e s h o l d  i s  needed as w e l l  as wide-band photo-  
d e t e c t o r s .  F i g u r e  4 shows an RF s i g n a l  O I C  i n t e g r a t e d  w i t h  a 20 GHz M M I C  
V a r i a b l e  Phase S h i f t e r .  A d d i t i o n a l l y ,  a high-power i n t e g r a t e d  l a s e r  capab le  
o f  b e i n g  d i r e c t l y  or  i n d i r e c t l y  modu la ted  a t  h i g h  f r e q u e n c i e s  w i t h  an i n t e -  
g r a t e d  d r i v e r  w i l l  be r e q u i r e d .  

CONCLUSION 

Three c a n d i d a t e  a r c h i t e c t u r e s  have been shown fo r  o p t i c a l  RF d i s t r i b u t i o n  
i n  microwave phased a r r a y s .  Each a r c h i t e c t u r e  i s  c h a r a c t e r i z e d  by t h e  modula- 
t i o n  t e c h n i q u e  used.  The o v e r a l l  a r r a y  d e s i g n  i s  d r i v e n  b y  b o t h  t h e  a r c h i t e c -  
t u r e  and t h e  d e v i c e s .  However, once t h e  a r c h i t e c t u r e  i s  chosen, t h e  d e s i g n  i s  
d r i v e n  by t h e  c a p a b i l i t y  o f  t h e  d e v i c e s  t o  meet t h e  a r c h i t e c t u r e  r e q u i r e m e n t s .  
The e v a l u a t i o n  of t h e s e  t h r e e  c a n d i d a t e  a r c h i t e c t u r e s  w i t h  s i m u l a t e d  communica- 
t i o n s  i n f o r m a t i o n  w i l l  d e t e r m i n e  wh ich  d e s i g n  s h o u l d  be o p t i m i z e d  f o r  an opera-  
t i o n a l  phased a r r a y  an tenna s y s t e m  and a l s o  w i l l  i d e n t i f y  c r i t i c a l  d e v i c e  
t e c h n o l o g i e s .  
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